Two classes of human cDNA encoding the insulin/mitogen-activated p70 S6 kinase have been isolated; the two classes differ only in the 5' region, such that the longer polypeptide (p70 S6 kinase aI; calculated Mr 58,946) consists of 525 amino acids, of which the last 502 residues are identical in sequence to the entire polypeptide encoded by the second cDNA (p70 S6 kinase all; calculated Mr 56,153). Both p70 S6 kinase polypeptides predicted by these cDNAs are present in p70 S6 kinase purified from rat liver, and each is thus expressed in vivo. Moreover, both (6, 33) . This family will be referred to henceforth as the p85 S6 kinases.
Polypeptide mitogens, upon binding their cell surface receptors, elicit a sequence of intracellular effects culminating in cell division. An early effect is stimulation of protein synthesis, which is an obligate precursor for cell replication (30) . Several proteins involved in protein translation undergo changes in their phosphorylation state upon stimulation (16) . One of these, ribosomal protein S6, is rapidly phosphorylated on multiple serine residues in response to insulin, epidermal growth factor, platelet-derived growth factor, serum, phorbol esters, and several other artificial perturbants such as cycloheximide (14) . Although the specific role of ribosomal S6 phosphorylation in mitogen-enhanced protein synthesis is still unknown, S6 phosphorylation has been used as a model to address the intracellular signal transduction mechanisms utilized by these mitogens.
Agonist-induced increases in S6 phosphorylation are mediated by rapid transient activation of protein-seine kinases. Although many protein kinases are capable of phosphorylating S6 in vitro, two types of mitogen-activated S6 protein kinases have been characterized at a molecular level; these kinases are distinguished by a very high rate of S6 phosphorylation combined with a relative specificity for S6 in comparison with other known substrates and the ability to * Corresponding author. phosphorylate in vitro all of the multiple sites on S6 phosphorylated in situ in response to mitogen. The first of these S6 kinases to be purified and cloned were from Xenopus laevis; extracts prepared from Xenopus eggs exhibit two peaks of S6 kinase activity on elution from DEAE, S6 kinase I and 11 (10) . Tryptic peptides corresponding to S6 kinase II were used to isolate a cDNA called S6 kinase a (18) , which may correspond to S6 kinase I inasmuch as certain monoclonal antibodies to recombinant S6 kinase a are reactive with S6 kinase I but not S6 kinase 11 (9) . S6 kinase at exhibits a feature unique among Ser/Thr kinases, namely, the presence of two protein kinase catalytic domains. The more amino-terminal catalytic domain is most closely related to the kinase C family, whereas the second carboxy-terminal activated S6 kinases from cultured mammalian cells (17, 27) and from rat liver during regeneration (25) or after cycloheximide injection (28) has consistently yielded 65-to 70-kDa polypeptides that are not reactive with the antisera to recombinant p85 S6 kinase a. The p70 and p85 S6 kinases do share several important properties, including substrate specificity, which overlaps substantially but is not identical (11, 24, 28) . Moreover, both the p70 and p85 kinases are activated by the phosphorylation of multiple Ser/Thr residues on the enzyme polypeptide (3, 12, 27) , although the upstream protein kinases that mediate this activating phosphorylation may be different, at least in part. An insulin-stimulated 42-kDa MAP-2 kinase phosphorylates and partially (30%) reactivates the Xenopus S6 kinase II (32) but does not modify the rat liver p70 S6 kinase (27) .
The recent isolation of rat cDNAs corresponding to the p70 S6 kinases (4, 21) provides a basis for understanding the similarities and differences in the substrate specificities and regulatory mechanisms of the two S6 kinase families: the rat p70 S6 kinases exhibit a single, centrally located catalytic domain that is most homologous to the more amino-terminal kinase C-like catalytic domain of the p85rsk kinases (57% identity). By contrast, the noncatalytic sequences of p70 S6 kinase are completely divergent from those of the p85rsk kinase. Two rat clones encoding the p70 S6 kinase were independently isolated and are identical except in the 5' region, which results in distinct predicted amino termini. One cDNA predicts a polypeptide of 502 amino acid residues (21) ; the second cDNA encodes 525 amino acid residues, of which the last 502 are identical in sequence to the other p70 S6 kinase polypeptide (4) . To evaluate the physiologic significance of this difference, we have isolated human p70 S6 kinase cDNAs. Here we show that two forms of human p70 cDNA analogous in structure to the two types of rat cDNAs are present in human libraries. Recombinant The ATG codon corresponding to residue 24 (the initiating codon of p70 atll protein) was mutated to either CTG (leucine, referred to as M24L) or ACG (threonine, referred to as M24T) by site-directed mutagenesis using the pSelect vector system (Promega). All mutants were verified by DNA sequencing.
In vitro transcription and translation. Plasmids were linearized at the 3' ends of the cDNA insert, RNA was synthesized by using either T7 or T3 RNA polymerase, and capping was carried out for some samples (see legend to Amersham rainbow markers were used in Fig. 2b ; the molecular weights indicated in the figure are those calculated from comparison with unmodified markers.
Generation of p70 S6 kinase antipeptide antiserum. A polyclonal antiserum to a synthetic peptide corresponding to p70 residues 337 to 352 (4) , with the addition of a carboxyterminal cysteine, was generated in rabbits. The peptide was cross-linked to rabbit serum albumin by the amino terminus, using glutaraldehyde, and via the carboxy-terminal cysteine SH, using maleimidobenzoyl-N-hydroxysuccinimide (23) . The amino-terminal-versus-cysteine-coupled peptides were mixed in a 2:1 molar ratio, and 930 jig of conjugate of coupled peptide was mixed in complete Freund's adjuvant and inoculated intradermally and into the popliteal lymph nodes of rabbits. Boosts were given intradermally at 1 month and at 3-week intervals thereafter. Serum was screened by immunoblot of purified rat liver p70 S6 kinase, carried out after SDS-polyacrylamide gel electrophoresis (PAGE) and electrophoretic transfer to a polyvinyl difluoride (PVDF) membrane (Millipore). Peptide linked to Affi-Gel 10 was found to adsorb all specific immunoblotting activity toward purified rat liver p70 S6 kinase and was used for antibody purification (23) .
Transfection of COS-7 cells. The human cDNA inserts were excised as EcoRI fragments and cloned into the EcoRI site of the mammalian expression vector pMT2. The rat p70 cDNA was cloned into the BstXI site of pCDM8, using synthetic oligonucleotide adapters (2) . DNA (20 ,ug) was introduced into COS-7 cells by calcium phosphate-or DEAE-dextran-mediated transfection (31) . Cells were harvested after 48 to 60 h and extracted in homogenization buffer (27) , which contains 10 mM KPi (pH 6.5), 1 mM EDTA, 5 mM EGTA, 10 mM MgCl2, 2 mM dithiothreitol, 1 mM vanadate, 50 mM ,-glycerophosphate, 10 kallikrein inhibitory units of Trasylol per ml, 0.2 mM diisopropylfluorophosphate, and 0.2% Triton X-100. A portion of the extract was subjected to Mono Q anion-exchange chromatography as described previously (28) , and aliquots of each fraction as well as aliquots of the original extract were taken for immunoblot and assay of S6 kinase activity. The S6 kinase assay was carried out as previously described (28) . For immunoblotting, proteins from SDS-polyacrylamide gels were transferred to PVDF membranes and probed with the affinity-purified antipeptide antibody described above. Following blocking with 5% dried milk in phosphate-buffered saline (PBS) containing 0.5% Tween 20 (BLOTTO), the membrane was incubated for 60 min with anti-S6 kinase antibody at a 1:500-or 1:1,000-fold dilution in BLOTTO or BLOTTO-PBS (1:1). After removal of unbound antibody, the blot was incubated for 30 to 60 min with horseradish peroxidase-conjugated donkey anti-rabbit immunoglobulin (1:5,000 to 1:10,000). Antigens were detected by ECL chemiluminescence (Amersham). To demonstrate the specificity of the antibody, a peptide competition was performed (see Fig. 3g ): the antipeptide antiserum was incubated in BLOTTO with peptide at 10 times the indicated concentrations for 30 min; this preincubated antiserum was then diluted 1:10 (to the indicated concentration) with BLOTTO and used to probe the blots. All transfection-dependent signals detected with this antipeptide antibody are competed for by peptide in a concentration-dependent fashion at peptide concentrations as low as 5 ,uM (Fig. 3g) . Nevertheless, variable nonspecific binding of antibody to non-p70 polypeptides, e.g., the molecular weight markers, is occasionally observed, and conditions that reliably prevent such binding have not been identified. Thus, in the leftmost set of lanes in Fig. 3g there is no binding to the molecular weight markers, but in the second and third sets of lanes there is significant binding. However, this obviously nonspecific binding is not displaced by peptide under conditions in which a strong transfection-dependent signal is completely displaced.
RESULTS
Cloning of two p70 S6 protein kinase cDNAs. The two rat p70 S6 kinase cDNAs recently reported differed only in their 5 ' regions, such that one of the deduced polypeptides extends amino terminal of the other by 23 amino acids; the two polypeptides are otherwise identical in sequence (4, 21) . To determine whether one of these cDNAs was an artifact of cloning or whether both are physiologically relevant, we probed human fibroblast and HepG2 cell cDNA libraries for clones of this protein kinase. Two distinct classes of cDNA were found, differing only at their 5' ends in a manner corresponding to the two rat cDNAs previously reported and thus confirming the existence of two distinct types of the p70 S6 kinase mRNA (Fig. 1) . As with the two rat cDNAs reported earlier, the two human cDNAs encode polypeptides of 525 and 502 amino acids. The first methionine of the cDNA with the shorter open reading frame corresponds to the second methionine of the longer sequence, and the amino acid sequences encoded by the two human cDNAs are identical carboxy terminal to this methionine. Inasmuch as this extensive sequence identity strongly suggests origination from a single gene, the p70 S6 kinase cDNAs will be designated aI (525 amino acids) and oII, by analogy to protein kinase C PI and II (26 Comparison of the rat and human p70 cDNA sequences shows that the human al cDNA encodes 27 nt of 5' untranslated sequence that, when optimally aligned, extends 6 nt beyond the available rat al cDNA sequence. The overlapping 21 nt in the 5' untranslated sequences differ at only one base. This extensive homology continues into the coding sequences, which differ at only two amino acids (99.6% identity). The molecular basis for the structural variation at the 5' end of the al and all cDNAs will require isolation and sequence analysis of the gene for the p70 S6 kinase.
In vitro translation. Another feature common to the human and rat al cDNAs is the presence of a very weak translational initiation sequence surrounding the most 5' ATG, with a C at -3 and an A at +4 (20) . By contrast, the sequence surrounding the second methionine in rat and human al, which is the initiator methionine for the rat and human all cDNAs, exhibits (in all four cDNAs) the much stronger motif of a G at -3 and +4. It was therefore of interest to determine whether p70 S6 kinase aI cDNA directed the synthesis of an elongated protein with respect to the p70 S6 kinase all cDNA. RNA synthesized in vitro was translated in a reticulocyte lysate, and the proteins were detected by fluorography following SDS-PAGE. The al and all open reading frames predict proteins of 58,946 and 56,153 Da, respectively. Translation of human p70 S6 kinase al-derived RNA resulted in the synthesis of numerous [35S]methioninelabeled polypeptides, with the two largest corresponding to relative molecular masses of -84 and -62 kDa (Fig. 2a) . Many smaller polypeptides were also formed, presumably as a result of internal initiation or premature termination (see below). The human p70 S6 kinase all cDNA generated a virtually identical pattern except that none of the 84-kDa polypeptide was formed (Fig. 2a) . Translation of the rat form of the p70 S6 kinase al cDNA gave a pattern essentially indistinguishable from that of human al mRNA, with the synthesis of proteins of 84 and 62 kDa (Fig. 2a) . The virtual identity between the translation products of the al and all mRNAs, except for the presence of the 84-kDa polypeptide with both the human and rat al mRNAs, implies that this 84-kDa polypeptide is initiated at the first AUG in the al mRNA, a translational start site not present in the all mRNA. To investigate this point further, we mutated Met-24 of the human al cDNA to Leu or Thr (yielding cDNAs called M24L and M24T, respectively) and generated synthetic RNA from the resulting constructs. Following their synthesis, these RNAs were tested by in vitro translation with or without the addition of a 5' cap structure (see Materials and Methods). The wild-type human al and the M24L and M24T mutants all give virtually identical patterns of translation products except that the 62-kDa band, which represents initiation at Met-24, is absent from the mutants (compare lane 3 with lanes 5 and 7 in Fig. 2b ).
The experiment depicted in Fig. 2b also addresses the question of the origin of the smaller bands seen as translation products of all three cDNAs used in Fig. 2a . To determine whether these smaller products resulted from premature termination of translation or aberrant initiation at internal methionines, we translated RNAs corresponding to atl and atIl cDNAs either with or without the addition of a 5' cap,
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the presence of which increases the efficiency initiation (22) . Although the full-length productr kDa were more abundant when the RNA was same pattern of translation products appeared that the smaller products result primarily f initiation at Met residues present on both al an The apparently large molecular size of the I polypeptide, over 20 kDa more with the additi amino acids, is an unexpected result and appe anomalous electrophoretic retardation of this p( SDS-PAGE. This is likely due to the unusually sic stretch at the amino terminus. Thus, in vitro kinase al mRNAs can direct synthesis of prol first ATG, although these results suggest that in second ATG in the aI mRNAs occurs with at efficiency.
Transient expression. S6 kinase (Fig. 3) . Immunoblots of unfractionated extracts tein from the prepared after transfection with vector DNA exhibited a iitiation at the number of immunoreactive polypeptides as a result of nonleast similar specific cross-reactivity; however, no dominant signal at 60
to 70 kDa was detected (Fig. 3a) . In contrast, extracts of y of reticulocells transfected with p70 S6 kinase aIl cDNA show a prominent new signal consisting of a ladder of closely spaced polypeptide bands between 65 and 70 kDa (Fig. 3c) . Transfection of both rat ( Fig. 3b and (Fig. 3i) . (a to f) Cells were transfected with pCDM8 (a and d), the rat al in pCDM8 (b and e), or the human p70 alII in pMT2 (c and f). Extracts were prepared 60 h later and applied to Mono Q anion-exchange chromatography (28); elution was carried out with a linear gradient of NaCl to 400 mM; 1-ml fractions were collected. One aliquot of each fraction was taken for assay of S6 kinase (see Fig. 4 ), and another aliquot was subjected to SDS-PAGE, transferred to PVDF mem--,~branes, and probed with affinity-purified antipeptide antibody (see Methods). Recombinant polypeptides were visualized only in the fractions surrounding the major peak of S6 kinase activity (see Fig.  4 ). The immunoblot of these fractions is displayed. Panels a to c show the entire gel so as to permit comparison of the p70 cDNAdependent immunoreactive bands with the endogenous, nonspecific bands; panels d to f show a close-up and higher exposure of another blot of these same fractions, which permits visualization of the endogenous COS p70 aIl polypeptides, as well as both the p90 (aI) and p70 (cal) polypeptides in the purified rat liver S6 kinase (S6K polypeptides. We infer this set of endogenous COS cell polypeptides to be the COS p70 S6 kinase tII polypeptides; endogenous COS polypeptides corresponding to the p70 S6 kinase aI polypeptides (i.e., at -85 to 90 kDa) are not detected.
To confirm the origin of the cdI and axII protein products, we transfected the human Met-24 mutants, M24L and M24T, into COS cells. As was the case for the in vitro translation, expression in COS cells of these mutants yielded the otl protein that comigrated with the dominant product of the human wild-type aI cDNA; however, the aIl polypeptides, which initiate at Met-24 from the wild-type cDNA, are absent from the products of transfection with M24L (Compare Fig. 3i and j) and M24T (data not shown).
Immunoblotting of purified rat liver p70 S6 kinase (28) reveals a dominant 70-kDa band and an additional minor but easily visualized polypeptide band at 90 kDa (Fig. 3d to f) . The copurification of 70-and 90-kDa polypeptides with S6 kinase activity from rat liver was noted previously, although the identity of the 90-kDa polypeptide was not established; the 90-kDa polypeptide was observed to undergo autophosphorylation in vitro and to coelute on gel filtration with the In summary, the results obtained by translation of al mRNA in reticulocyte lysates, together with the transient expression of p70 aI cDNA in COS cells, indicates that initiation of translation of the aI mRNA occurs from both the first and second AUG codons in intact cells. The product initiated at the first AUG exhibits an anomalously slow mobility on SDS-PAGE at -90 kDa, and a polypeptide with precisely these properties copurifies together with the dominant 70-kDa polypeptide upon isolation of the cycloheximide-stimulated S6 kinase activity from rat liver.
Analysis of S6 kinase activity. Protein S6 kinase activity toward exogenous 40S ribosomal subunits was assayed in lysates of the transfected cells. Significant activity was present in extracts from the vector-only or untransfected (not shown) cells and was largely unaffected by omission or reintroduction of fetal calf serum (data not shown). Lysates prepared from the aI and tll cDNA transfectants exhibited a 2.5-to 4-fold increase in total kinase activity toward 40S S6 compared with lysates from cells transfected with vector DNA, when normalized for extract protein. Mono Q anionexchange column chromatography of the COS lysates resolved two peaks of S6 kinase activity. The minor, earliereluting peak corresponds to the endogenous p85rsk S6 kinase, as determined by immunoblotting with antibodies to the Xenopus and rat counterparts of this enzyme (data not shown); the S6 kinase activity in this peak was unaltered by transfection of p70 cDNA (Fig. 4) . When identical amounts of extract protein were subjected to Mono Q chromatography, the later-eluting peak of activity, which is the quantitatively dominant peak of endogenous COS cell 40S S6 kinase activity, was elevated three-to fivefold in chromatograms from cells transfected with either the p70 aI or all cDNA compared with the same fractions from chromatograms of control cell extracts (Fig. 4) . Significantly, transfection with M24L, which gives rise to only the aI protein, yields a comparable increase in 40S phosphorylating activity, indicating that the 90-kDa isoform is an active S6 kinase (Fig. 4b) . Thus, because transfection with the aIl cDNA, which produces only the 70-kDa polypeptides, also yields a boost in S6 kinase activity, we have demonstrated that both isoforms of p70 S6 kinase are active enzymes.
Comparison of the anti-p70 immunoblot with the profiles of S6 kinase activity in these Mono Q fractions reveals several interesting features. The fraction that contains the major late-eluting peak of endogenous COS p70 S6 kinase activity (i.e., the vector-only transfectants) corresponds to the fraction (fraction 12) that exhibits the faint ladder of endogenous COS cell 65-to 70-kDa immunoreactive polypeptides ( Fig. 3d to f) . In contrast to the three-to fourfold increase in S6 kinase activity in this peak after transfection, the increase in p70 polypeptides observed after transfection appears far in excess of the gain in S6 kinase activity, suggesting that most of the recombinant p70 polypeptides lack S6 kinase activity. Moreover, although all fractions with S6 kinase activity exhibit p70 immunoreactivity, the majority of the recombinant p70 polypeptides elute one or two fractions earlier than the peak of S6 kinase activity, in fractions that exhibit little or no S6 kinase enzymatic activity. Examination of the pattern of p70 polypeptide bands in Lysates of COS cells transfected with pMT2 vector only, rat p70 aI in pCDM8, or human p70 all in pMT2 were applied to a Mono Q anion-exchange column and eluted with a linear gradient of NaCl from 0 to 400 mM. Kinase activity was assayed by using 40S ribosomes as described previously (28) . (b) Results of a similar experiment in which pMT2 vector only, human aI cDNA, and the M24L mutant were transfected into COS cells. The fraction size for the experiment in panel b was 0.75 ml instead of 1.0 ml; therefore, the peak activity, which eluted at the same NaCl concentration, was in fraction 16 instead of fraction 12. each of these fractions, shows that although the 70-and 90-kDa ladders essentially coelute, the bands of faster mobility on SDS-PAGE in each array elute earliest from Mono Q, whereas the slowest-migrating polypeptides elute latest. .It is the elution of these slowest-moving SDS-PAGE immunoreactive bands that correlates best with elution of S6 kinase activity, implying that the active enzyme actually corresponds only to the slowest-migrating polypeptides. Consistent with this deduction is the fact that the 70-and 90-kDa immunoreactive polypeptides visualized in the purified rat liver S6 kinase preparation comigrate upon SDS-PAGE with the slowest-moving polypeptide in each ladder of recombinant p70 polypeptides (Fig. 3d to f) .
We demonstrated previously that the activity of the p70 S6 kinase is totally dependent on endogenous phosphorylated Ser and Thr residues, inasmuch as treatment with purified phosphatase 2A completely and specifically inactivates the kinase activity (27) . As shown in Fig. 5, partial (Fig. 5) . This dephosp binant p70 protein is also accompan data shown in Fig. 5 (11, 24, 28 (Fig. 2) . Because these clones initiate translation at two different sites (Met-1 and Met-24 for cxl but only Met-24 for all), the virtual identity of translation products is inconsistent with premature termination being the cause. This leaves as the probable cause aberrant internal initiation at Met residues that are, of course, present in both forms of the cDNA (which are, within a species, identical except at the 5' termini). The data shown in Fig. 2b support the conclusion that the majority of the smaller translation products result from internal initiation: capping only increased the efficiency of synthesis of the full-length polypeptides, but the same set of smaller products was also observed.
The most striking feature of the short amino-terminal extension of the al isoform is the presence of six consecutive arginine residues at the amino terminus. Such sequences are found in proteins that bind to polynucleotides and are reminiscent of a number of nuclear localization signals (8, 19, 34) . We have previously shown that rat liver S6 kinase phosphorylates many nonhistone proteins present in nuclear extracts (28) . Recently, the hormonally regulated phosphorylation of a pool of nuclear S6 has been reported (13) . It is tempting to speculate that the highly basic nature of the amino-terminal region of p70 S6 kinase aI is analogous to the nuclear localization sequence of simian virus 40 T antigen (19) and c-abl (34) and directs the protein to a specific subcellular compartment, perhaps the nucleolus where ribosomal proteins are assembled with rRNA into ribosomal subunits. Alternatively, the two forms of the protein may interact differentially with the different populations of ribosomes within cells. Experiments to test these hypotheses are in progress.
Insulin/mitogen stimulation of S6 kinase activity is due to the phosphorylation of the S6 kinase polypeptide on serine and threonine residues; treatment of the purified enzyme with (Ser/Thr) protein phosphatase causes inactivation. The present results demonstrate that the S6 kinase cDNAs that we have isolated direct the expression of 40S S6 kinase activity when introduced into COS cells. It appears, however, that only a small fraction of the synthesized protein is catalytically active, and this active component correlates with the most electrophoretically retarded polypeptide bands. These observations can be explained by the known properties of the major 70-kDa liver S6 kinase if the multiple electrophoretic bands observed in the recombinant p70 polypeptides are caused by phosphorylation. In support of this idea, phosphatase 2A treatment of the purified rat liver p70 S6 kinase, concomitant with extensive inactivation of kinase activity, converts the single band migrating at 70 kDa to a ladder of immunoreactive polypeptides migrating between 65 and 70 kDa, very similar in appearance to the recombinant p70 polypeptide ladder (Fig. 5) . Both inactivation and the altered pattern of mobility are completely blocked by okadaic acid. In addition, phosphatase 2A treatment of the recombinant p70 S6 kinase produces a further okadaic acid-sensitive increase in electrophoretic mobility of the immunoreactive polypeptides. At least four or five electrophoretically variant recombinant p70 cxl and aIl polypeptides are discernible; only the most slowly migrating (SDS-PAGE) band in each ladder comigrates on detergent gel electrophoresis with the oal and all polypeptides found in the active enzyme purified from rat liver. In addition, only the recombinant p70 polypeptide band migrating most slowly on SDS-PAGE coelutes with the transfection-induced 40S S6 kinase activity on Mono Q chromatography. We have no information relating the actual extent of phosphorylation with the shift in electrophoretic mobility. Each band may differ from the adjacent bands by a constant number of phosphate groups; conversely, phosphorylation at certain sites may exert disproportionate effects on polypeptide conformation and SDS binding as observed for protein kinase C (35) . Nevertheless, it appears that multiple phosphorylation is required to generate active S6 kinase, and significant phosphorylation of the p70 polypeptide can occur without production of any measurable S6 kinase activity. Whether this multiple phosphorylation is sequential and catalyzed by one or several protein kinases is not yet known. Inasmuch as the electrophoretic mobilities of the proteins translated in vitro correspond to those of the fastest-migrating species in the transfected cells, it would appear that the S6 kinase kinase(s) is not active in the reticulocyte lysate.
We have tried to activate a greater proportion of the recombinant p70 kinase in transfected COS cells by addition of agents such as tetradecanoylphorbol acetate and have tried to reduce activity by serum deprivation. Thus far these manipulations have failed to modulate the level of p70 S6 kinase activity, although significant alterations in the activity of the earlier-eluting endogenous peak of p85rsk S6 kinase have been observed. This observation tends to underscore the likelihood that the upstream regulators of those two families are, at least in part, independent. Moreover, this independence suggests that neither S6 kinase is capable of directly phosphorylating and regulating the other. COS-7 cells appear unable to regulate the endogenous or recombinant p70 enzyme in response to external mitogens; a fraction of the COS cell p70 S6 kinase is activated under all conditions examined thus far. This behavior may reflect the immortalized state of these cells, which cannot be made quiescent. We are constructing cell lines expressing the two p70 S6 kinase cDNAs in an effort to mimic more closely the physiological environment of this enzyme. Such cell lines may allow further study of the mechanisms by which this kinase is regulated.
